A B S T R A C T Although a normal serum thyrotropin (TSH) 
A B S T R A C T Although a normal serum thyrotropin (TSH) concentration is generally considered to be the most important finding to support the clinical impression of euthyroidism in patients with nonthyroidal diseases and decreased serum triiodothyronine (T3), the regulation of TSH secretion in sick patients has not been studied previously. Accordingly, we studied the regulation of TSH secretion in 23 patients with nonthyroidal diseases; 15 ofthe patients had decreased serum T3. TSH regulation was studied by measuring the TSH response to injected thyrotropin-releasing hormone (TRH) before and after effecting a small decrease in serum thyroxine (T4) and/or T3 concentrations by iodide treatment, 262 mg daily for 10 d. Iodide treatment significantly decreased (>10%) the free T4 index (FT4-I) and/or free T3 index (FT3-I) in all patients. FT4-I values were correlated (0.611, P < 0.001), with free T4 concentration determined by equilibrium dialysis. Despite decreased FT4-I and/or FT3-I after iodide treatment in all patients, the TSH response to TRH after iodide treatment was augmented in only 8 of 15 patients who had decreased serum T3 (group 1) and in only 5 of 8 patients who had a normal serum T3. Mean base-line TSH concentration was increased significantly (P < 0.05) from 0.9+0.1 to 1.5±0.3 ,U/ml in group 1 only. Comparison of the mean TSH response to TRH showed that there was no significant difference between groups 1 and 2. Moreover, no significant difference in thyroidal parameters was observed between patients who had augmented TSH response to TRH after iodides and those who had either similar or decreased TSH response irrespective of the initial
INTRODUCTION
Changes occur frequently in peripheral thyroid hormone metabolism and in results of tests of thyroid function in patients with acute and chronic nonthyroidal diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Characteristic laboratory data in such patients include normal to slightly decreased serum thyroxine (T4)l concentration and decreased serum T4 binding. Free T4 concentration is within the normal range or increased. Decreased serum triiodothyronine (T3) concentration is found in most patients, and although serum T3 binding is decreased, free T3 concentration is generally decreased as well. Inasmuch as it is probable that T3 affects most of the biological activities of the thyroid hormones in human subjects (13) (14) (15) , these measurements in sick patients could readily be interpreted as consistent with hypothyroidism. It is interesting, therefore, that on the basis of 'Abbreviations used in this paper: FT3-I, free triiodothyronine index; FT4-I, free thyroxine index; T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone; TSH, thyrotropin.
clinical evaluation, most patients with nonthyroidal diseases are considered euthyroid. The latter interpretation is supported by the consistent finding that serum thyrotropin (TSH) concentration remains within the normal range in most patients. In healthy euthyroid subjects, TSH secretion is very closely regulated by serum thyroid hormone concentrations. Even a small decrease in serum T4 and T3 stimulates TSH secretion and increases serum TSH concentration (16, 17) . Indeed, an increase in serum TSH is generally considered to be the most sensitive indicator of hypothyroidism due to thyroid disease (18, 19) . Although normal serum TSH concentration provides the principal laboratory evidence to support the diagnosis of euthyroidism in these patients, the regulation of TSH secretion by thyroid hormones in patients with nonthyroidal diseases has not been examined. who appeared moribund were not selected for this study. Two patients, 10 and 11, were moderately cachetic at the initiation of the study and died -2 mo and 2 wk, respectively, after the study was completed. Patient 21 was placed on cancer chemotherapy during the study. All other patients were stable without specific new treatment during the study. Assessment of patient status 4 mo after the study was completed revealed that patients 1 and 20 died 2 and 4 mo, respectively, after the study was completed. The remaining 19 patients were being monitored by the oncology clinic or were permanent residents of Beth Abraham Hospital for their chronic illness.
Studies of TSH secretion in response to small decreases in plasma thyroid hormone concentrations were carried out according to the general procedures described by Vagenakis et al. (16) and Saberi and Utiger (17) . Serum was obtained for measurement of thyroid hormone concentration, binding, and TSH concentration on 2 control days. On the 2nd control day, blood was obtained at -10, 0, 10, 20, 30, 60, and 120 min after an intravenous bolus injection of 500 ag thyrotropin-releasing hormone (TRH) (Thypinone, Abbott Diagnostics, Diagnostic Products, North Chicago, Ill.) as previously described (20 (3, 20) . Human TSH and TSH antiserum were gifts from the National Pituitary Agency of the National Institutes of Health, and humani TSH Standard 68/38 was a gift of the Division of Biological Standards, National Institutes of Medical Research, Mill Hill, London. The limit of detectability in the TSH assay was generally 0.6 ,uU/ml, and the normal range was <0.6-5.0 ,U/ml. At the present time, -50% of subjects without thyroid disease have undetectable TSH in our laboratory. For the three hormone measurements, the intraassay coefficients of variation were 5.7% for T4, 6 .3% for T3, and 11.3% for TSH.
The intensity of hormone binding by serum proteins was determined by the Res-Q-Mat T3 NMicro Test (Mallinckrodt Inc., St. Louis, Mo.). Free/bound ratios were calculated and corrected for interassay variability using the free/bound ratios for two control pools of serum that were measured concurrently with the unknowns, as previously described (23) .
The corrected free/bound ratio was divided by the mean free/bound ratio for control patients to yield a binding index, and the product of the binding index and the T4 or T3 concentration was defined as the free T4 index (FT4-I) or free T3 index (FT3-I). Plasma free T4 concentration was also determined by equilibrium dialysis (BioScience Laboratories, Van Nuys, Calif.; normal range was 1.0-2.3 ng/dl) in a single plasma sample obtained from each patient during the control period.
Patients were grouped according to their base-line FT3-I and response to TRH as outlined in Table I . Data for the various groups were expressed as a mean±SEM. Statistical analysis was by two-tailed t test or by t tests of paired observations when appropriate (24) .
RESULTS
The clinical and laboratory data in the control period and after iodide therapy are listed in Table I . The age range of the patients was between 27 and 82 yr and the mean age of the entire group was 65.0 yr. Despite the fact that all patients appeared euthyroid clinically, serum T3 or FT3-I were decreased to values below the normal range in 15 of the 23 patients (Table I) (Fig. 1, filled symbols) (Table I) .
A small increase in mean base-line serum TSH was observed after iodide treatment in both groups, but the increase was significant statistically (P < 0.05) only in group 1 ( Table I ). The TSH response to TRH before and after iodide treatment is shown in Fig. 1 were obtained for the group with decreased serum T3 (Fig. 1, upper panel) although the base-line and 10-min mean value for serum TSH was minimally but significantly increased after iodide treatment. There was no difference in the mean integrated TSH response to TRH after iodide treatment for either group.
Examination of individual patients' responses to TRH showed that 8 ofthe 15 patients in group 1 and 5 of the 8 patients in group 2 had the anticipated increase in TSH response to TRH after iodide treatment. To determine whether patients with an appropriate increase in TSH response to TRH after treatment could be identified on the basis ofother thyroidal parameters, we analyzed statistically the parameters listed in Table  I for subgroups within groups 1 and 2. No significant differences in mean serum T4, FT4-I, T3, or FT3-I were evident between groups of patients who exhibited an augmented TSH response to TRH after iodide treatment and those who had either the same or a decreased TSH response to TRH after treatment in groups 1 and 2. Our results do not provide a guide for selection of patients who respond appropriately to iodide treatment.
DISCUSSION
Our studies suggest that there is abnormal regulation of TSH secretion in many patients with nonthyroidal diseases and that a normal TSH concentration may not be a valid index of the euthyroid state, as considered previously. Despite the decrease in serum T3 and FT3-I, and variable changes in serum T4 and FT4-I, serum TSH and the TSH response to TRH have been normal in most reports of patients with nonthyroidal diseases (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, Bermudez et al. (3) showed that a small increase in the TSH response to TRH occurred in sick patients with decreased serum T3as compared with similar patients with serum T3 in the normal range; and Burroughs et al. (11) reported that the TSH response to TRH was blunted in about one-third of euthyroid geriatric patients with a variety of nonthyroidal diseases. A principal question raised in all of these studies is whether or not patients with nonthyroidal diseases and decreased serum T3 are euthyroid. Euthyroidism could be sustained (a) by downward regulation of the thyrotroph set point for T3 so that, despite decreased serum and pituitary T3, TSH secretion remains normal; (b) by an increase in the intrapituitary conversion of T4 to T3, resulting in normal pituitary T3 despite decreased serum T3 concentration; or (c) by a combination of these changes.
Irrespective of the underlying biological mechanisms, it seems clear that if euthyroidism is maintained in these patients, TSH secretion should be responsive to small changes in serum thyroid hormone concentrations in a fashion similar to healthy controls. In normal subjects, Vagenakis et al. (16) (25) . The close regulation of TSH secretion by thyroid hormones also occurs in some patients with decreased serum T3. In normal subjects with decreased serum T3 after a short-term fast, Gardner et al. (26) showed that TSH secretion is augmented after iodide treatment and suppressed after T3 supplementation in a manner similar to controls. Because these changes in TSH secretion were demonstrated with T3 concentrations within the normal range (in the case of T3 supplementation) or with only a small decrease in serum T3 below that already present in the fasted state, the authors suggested that the .set point for TSH secretion was decreased in these patients and that, even at the lower set point, TSH secretion was normally sensitive to small changes in thyroid hormone concentrations.
Although we did not test the sensitivity ofTSH secretion to suppression by administered thyroid hormones, 10 of 23 patients studied in this investigation failed to augment TSH secretion in response to a small decrease in FT3-I and FT4-I induced by iodide treatment. Because determination of thyroidal state was a principal focus of these studies, we grouped our patients according to the serum FT3-I concentration. For groups of patients with either normal or decreased serum T3, the mean TSH response to TRH after iodide treatment was not significantly different from the TSH response before iodides. 53% of patients with decreased FT3-I and 63% of patients with normal FT3-I failed to augment TSH secretion after iodide. Thus, on the basis of these studies, abnormal TSH regulation seemed to be unrelated to serum T3 concentration in patients with nonthyroidal disease. Those patients who did not augment TSH secretion after iodide consisted of eight males and two females. Although the groups are small, the disproportionate sex distribution suggests that abnormal regulation of TSH secretion may be more common in sick male than in sick female patients. Although TSH responsiveness after iodide has not been studied as a function of age or sex, published reports indicate that the TSH response to TRH may be decreased in elderly males (27) . In our studies, the TSH responders and nonresponders after iodide could not be distinguished on the basis of age, serum T4, or FT4-I concentrations, or on our clinical impression of the severity of the illness. Decreased serum TSH concentration and TSH response to TRH have been reported in some studies of short-term fasting, (28, 29) but these findings do not appear to be consistent, as pointed out by Gardner et al. (26) . The inability of some patients with nonthyroidal diseases to augment TSH secretion in response to decreased serum FT4-I and FT3-I after iodide suggests altered regulation of TSH secretion, and raises the possibility that such patients might not be able to increase TSH secretion in response to decreased serum thyroid hormone concentrations due to thyroid failure. Thus, the lack of an increase in serum TSH concentration may not be taken as clear-cut evidence for euthyroidism in all patients with nonthyroidal diseases who have decreased serum T3.
The results ofour study complicate the interpretation of the already confusing laboratory findings in patients with nonthyroidal diseases. Earlier studies indicated that although serum protein-bound iodine was decreased, serum free T4 concentration was either normal or increased, and the free T4 concentration was considered to support the interpretation of euthyroidism. The more recent finding of a decreased serum T3 in sick patients again raises the possibility of underlying hypothyroidism in these patients, but a normal serum TSH concentration has been interpreted to indicate that the pituitary at least is euthyroid. Our studies suggest that the normal serum TSH may not be a reliable index for the euthyroid state in all patients. An additional feature that warrants consideration is the fact that the diagnosis of primary hypothyroidism is occasionally made in patients who also have nonthyroidal diseases. Serum TSH concentration is appropriately increased in such patients, although it may be argued that the magnitude of the serum TSH might be greater in the absence of the nonthyroidal disease. Thus it is likely that most patients with nonthyroidal diseases who also have significant primary hypothyroidism would have sufficient symptoms and signs of hypothyroidism to suggest the diagnosis, and that the diagnosis would be supported by an elevation in serum TSH. Until a biological measure of thyroidal activity is developed that is not influenced by other factors that occur in nonthyroidal diseases, it would still appear prudent to rely on clinical evaluation as well as an increase in serum TSH to establish a diagnosis of primary hypothyroidism in these patients.
